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A FURTHER STUDY OF CENTIMETER SCALE "A." 



Marshall D. Ewell, M. D., F. R. M. S., Chicago, 111. 



This scale has already been so fully described in the printed 
Proceedings of this Society, that further description is unnecessary. 

It will be seen from the published reports of Professor Rogers 
and of Professor Hilgard, the Superintendent of the Bureau of 
Weights and Measures, that there is an outstanding difference 
in the results obtained amounting to about 1.4 mikrons. An effort 
has been made in the observations here recorded to ascertain which 
of the two results is correct. 

The comparator used in making the comparisons described in 
this paper was made by Prof. W. A. Rogers, and consists essentially 
of a carriage carrying a microscope with a filar micrometer, and 
moving by means of a rack and pinion, between two stops, which 
limit the motion of the carriage approximately to i cm. The scales 
to be compared lie upon a table below the microscope, the table 
being capable of adjustment in two directions, one parallel to the 
line of motion of the carriage, and the other at right angles thereto, 
by which means each scale can be brought under the microscope 
used in making the comparisons. This table is furnished with an 
eccentric underneath one end, by means of which the scales to be 
compared can be readily and accurately brought into focus. 

Centimeter " A " was first compared with a standard centi- 
meter ruled on speculum metal by Prof. W. A. Rogers, and desig- 
nated "B." The comparisons were continued from January 12 to 
March 21, 1886, at temperatures ranging from 34° F. to 70° F. The 
results of these comparisons, reduced to 62° F., will be found below. 

Through the kindness of Professor Rogers, I have been enabled 

b 

to compare this speculum centimeter with the first centimeter (S„') 

b 

of a standard decimeter upon speculum metal, styled by him S,, 
whose corrections have been definitely established. (See paper on 
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the " Determinations of the Absolute Lengths of Eight Rowland 
Gratings," in the Proceedings for 1885.) 

I have also compared centimeter " B " with the first centimeter 

d d 

(S,') of a standard decimeter styled by Professor Rogers S,, which 

b 

is ruled on the same bar with S„. 

Having determined the relation of centimeter "B" to each of 
these centimeters, their respective relative corrections were deter- 
mined by comparing each of the ten centimeters of each decimeter 
with the fixed distance between the stops. The results of these 
various comparisons are as follows: 

Series (i.) — Comparison of Scale " A " with Scale " B." Objective 
=4 inch Bausch & Lomb opaque illuminator, i division of mi- 
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We have, therefore: B+o.36/i=A (i) 

But from the report of Prof. Rogers: 

B+o.2S/<=r^7 Ao (2) 
Hence: A — o.ii/<-=x5^u^ A, (3) 

Or, Scale " A " is xVV/^ longer than one-hundredth part of the 
Meter of the Archives. 

Series (2). — Comparison of centimeter " B" with the first centimeter 

b b 

of S, (S„')> objective=| inch Bausch & Lomb. i division of mi- 
crometer=o.2992/<. 

The following are the results of the comparisons expressed in 
divisions of the micrometer: 
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Whence, we find: 


"B" 


'—0.09/^— $,'(4) 
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Series (3).— Comparison of centimeter "B" with the first centimeter 
of So'; objective ■=! inch Bausch & Lomb. i division of mi- 
crometer =0.2992/*. 



Time of 
Date. OlM. 
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+ 7.7 div. 


Time of 
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+6.9 


" 30 6.05 A. M. 


+5-9 


" 3 4.08 P. M. 
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Whence: 









B+2.i8;/=sV (5). 
We must now determine the relative corrections of the different 

k d b 

centimeters of So and of So. For Sowe have: 
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Centimeters 
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From the above comparisons it appears that the relative correc- 

t d 

tions of the first centimeter of So and of So are respectively +0.16// 
and — i.s6/i. A full discussion of the corrections for the first five cen- 
timeters of So will be found in the Proceedings of the Society for 
1885 (p. 193), from which it appears that the absolute correction for 

l d 

So is +0.05//. The absolute correction of S, as communicated to 
me by Professor Rogers is — i.o8/<. The total correction for the 

b 

first centimeter of So is therefore +0.17//, and for the first centime- 

d 

ter of So is — i.S-jfi. We have, therefore — 
So'=Tfir Ao— o.i7/< 

i 

S»'— xk Ao + i.67/i 

Substituting these values in equations (4) and (5) respectively, 
we have: 

"B"+o.o8//=T^, Ao (6) 
"B"-»-o.si/i=Ti^A, (7) 

Giving to equations (6) and (7) the weights 2 and i respectively, 
these numbers being nearly proportional to the square root of the 
number of observations, we have: 

"B" +0.22// =Ht^ A, (8) 
But " B " +o.36yu == " A " 
Hence " A " — o.i4/< =7^7 Ao {9) 

I have also compared Scale "A" with the mean of the ten centi- 
meters of each of the decimeters upon glass designated G4 and Gg. 
These decimeters were prepared by Professor Rogers and sent to 
me with the suggestion that Scale "A" should be compared with the 
mean of the 10 centimeters of the scale in each set of comparisons. 
In this case the only correction to be applied would be that for total 
length. Sixteen sets of comparisons were made between "A" and 
the several centimeters of G4 and Gj — extending from January 12 
to February 4, 1886, giving the following results: 
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+ 1.22 
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+ .17 
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Means: +0.21/* +0.14JI 

We have, therefore: 

"A" +o.2ifA=-j\ G, (10) 
"A" +o.i4M=i\Gs (11) 

The absolute corrections required by i'^ G4 and t'^- Gj are un- 
known to me, Professor Rogers having positively declined to com- 
municate them to me until after this paper had been presented to 
the Society. 

Every comparison given in this paper represents at least eight 
readings of the micrometer, and often twelve, amounting in all to at 
least 6000 micrometer readings. Every measurement from January 
12, 1886, to the end of the series has been included in making up the 
final result, and it is hoped that through the multiplication of the 
comparisons, the accidental errors of observation have been to a 
large extent eliminated. 
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NOTE BY PROF. WILLIAM A. ROGERS. 

The following are the results of my determinations of the cor- 
rections for G4 and G5: 

For the decimeter G4 I find: 

G4— S-7iyW— I'lr A,. 
For the decimeter Gj I find: 

G5— 4.03/<=tV a 9. 
Hence, for each centimeter we have: 

TVG4— o.57/i=T*7 A.. 
tV G5— o.4o/<=t^t A4. 

Substituting in Dr. Ewell's equations (10) and (11) we have: 

From (10) " A "— o.36;<— j^^ A,. 
From (11) "A " — 0.26 fx-^^-^ A». 

We have, therefore, the following independent determinations 
of the absolute length of " A " at 62° Fahr., expressed in terms of 
the Metre des Archives. 

From equation (3) "A" — o.i if^=^l-^ A„. 
From equation (9) "A" — o.i/^iJ.=^^ A,. 

From mean of (10) and (11) "A" — o.3i/<=j^^ A,,. 
Adopting the mean of these three values we have finally: 

"A"— 0.19;*— T^TT A,. 

This result agrees exactly with that found from the bronze bar 
in the first investigation, and differs only o.ogfi from the final value 
given in the report. 

At the present stage of the investigation we may adopt: 

"A"— o.i7;<=tH a.. 



